J Neurosurg: Spine / Volume 21 / October 2014 T he identification and quantification of risk factors for delayed infections after spine surgery are of paramount importance to the patient and the clinician. In addition to its obvious importance for patient safety, risk factor information becomes critical as health care policy makers implement and enforce "quality" metrics.
tal (Peking Union Medical College Hospital), a universitybased medical center. Those patients who had a delayed infection, defined as an infection of the incision occurring more than 6 months from the primary surgery, were identified. Only those patients who underwent a primary spinal deformity surgery and had a minimum of 2 years of follow-up were reviewed. All patients with delayed infections were identified, and these patients with scoliosis without infection were chosen and best matched for sex, age, approximate date of surgery, and diagnosis with the patients with infections, and then matched in a 5:1 ratio.
Operative Procedures
In all patients, a Cell Saver system (Haemonetics Cell Saver 5, Haemonetics Corp.) was used intraoperatively to re-infuse shed blood. The volume of blood collected by the Cell Saver system was recorded, and estimated blood loss (EBL) was calculated by measuring loss through Cell Saver suction and by weighing the surgical sponges. The surgery was performed on the patient under hypotensive anesthesia in which systolic blood pressure was maintained at less than 90 mm Hg. The same blood transfusion and prophylactic antibiotic guidelines were used for all patients. Allogenic blood transfusion was performed if hemoglobin decreased to less than 7.0 mg/dl or if anemic symptoms developed, such as a decrease in blood pressure to less than 100 mm Hg systolic, tachycardia greater than 100 beats/min, or a low urine output of less than 30 ml/hr, even after initial fluid challenge with 500 ml normal saline in patients with a hemoglobin level between 7.0 and 8.0 mg/dl. 18, 20 All patients were given a dose of 1 g of first-generation cephalosporin 30 minutes before skin incision and were covered for 24 hours with 3 additional doses.
Predictive Variables
The treatment of all infections was complete by the time of the study. Variables studied for their significance as preoperative predictors of delayed infections included age at surgery, sex, height, weight, body mass index (BMI), previous medical history, and curve magnitude. Intraoperative factors studied in relation to infection included surgical time, use of allograft or autograft, amount and type of blood transfusion, intraoperative blood loss, number of levels fused, use of drains, and postoperative hemoglobin/hematocrit levels.
Statistical Analysis
Factors associated with the occurrence of delayed infections were identified using univariate analysis. The data analysis was performed using SPSS version 19.0 (IBM Corp.). Continuous data were compared between the 2 groups using the Student t-test, whereas discontinuous data were analyzed using the chi-square test. The Fisher's exact test was used for small data subsets (n < 5). All significance tests were 2-tailed, with p < 0.05 representing statistical significance. In addition, a multivariate logistic regression analysis was performed to identify which factors helped predict the probability of a delayed infection.
Results

Demographic Data
A summary of the clinical and radiographic data before spinal fusion for the delayed infection and control (uninfected) groups is presented in Table 1 . Of the 17 patients identified as having wound infections, 3 had congenital scoliosis, 4 had idiopathic scoliosis, 7 had adult scoliosis, and 3 had neuromuscular scoliosis. Five of the 17 patients used stainless-steel instrumentation and the other 12 used titanium instrumentation. An additional 85 patients without infections matched for age, diagnosis, and year of surgery were also evaluated, resulting in 17 patients with congenital scoliosis, 21 with idiopathic scoliosis, 34 with adult scoliosis, and 13 with neuromuscular scoliosis. The mean age at surgery was 23.0 years (range 6-57 years) for the patients in whom infection developed and 18.6 years (range 8-55 years) for the matched cohort without infections. The average primary curve magnitude for the infection and control groups was 80.4° ± 27.0° (range 47°-135°) and 66.3° ± 11.6° (range 42°-95°), respectively (p = 0.001). Curve patterns were classified as follows: in the delayed infection group, there were 5 single thoracic, 9 double major, and 3 triple curves; in the control group, there were 21 single thoracic, 38 double major, and 26 triple curves. No significant differences were observed between the 2 groups in terms of age, sex ratio, BMI, or distribution of curve patterns.
A strong risk factor for the development of a delayed infection was comorbid medical conditions (p = 0.006), which involved a myriad of different diagnoses. Of the 17 Cultures of specimens obtained from deep within the wound were performed in all patients. Staphylococcus aureus was identified in 3 patients and Staphylococcus coagulase-negative in 2 patients. Twelve patients had negative cultures despite prolonged incubation. All of these 17 patients were taken to the operating room for removal of their instrumentation. The patients were treated with parenteral antibiotics for 1-2 weeks after instrumentation removal, and they were subsequently treated with oral antibiotics for 1-3 weeks.
Operative Data
The average operation time was longer in patients with delayed infections (384.7 ± 115.9 minutes, range 180-540 minutes) than in those without infections (254.4 ± 79.2 minutes, range 185-460 minutes; p = 0.000; Table  2 ). Average EBL was 1342.2 ± 707.2 ml (range 300-2800 ml) and 833.9 ± 235.6 ml (range 400-1800 ml) in the delayed infection and control groups, respectively (p = 0.000). Of the 17 patients with infections, 12 (70.6%) received allogenic blood perioperatively, either as red blood cells or whole blood. On average, 2.8 ± 2.3 units/patient were given perioperatively. However, in the control group without infections, 27 patients (31.8%) received an allogenic blood transfusion perioperatively, either as red blood cells or whole blood. On average, 1.1 ± 1.6 units/ patient were given perioperatively. The use of an allograft was not statistically associated with an increased risk of infection; it was used in 10 of 17 patients in the group with infection, as compared with 59 of 85 patients in the uninfected matched cohort (p = 0.394, chi-square test). Postoperative factors such as drainage method (subcutaneous or conventional drainage), mean hemoglobin level, and mean hematocrit level were not significantly different between the 2 groups ( Table 2) .
Predictive Factors of Postoperative Complications
In the delayed infection group, according to multivariate logistic regression analysis, operative time and allogenic blood transfusion were identified as 2 factors that remained statistically significant (p < 0.05) in predicting the probability of a delayed infection (R 2 = 0.558; Table 3 ).
Discussion
Delayed infection after spine surgery is believed to be associated with a positive medical history, more extensive implants, and allogenic blood transfusion. 10, 23 Clinical experiences suggest that surgical time, longer fusion segments of the spine, not using postoperative drains, and increased drainage when drains are used may also correlate with delayed infection. In this retrospective, nonrandomized study we analyzed the predictors of delayed infections after spinal fusion and instrumentation in patients with scoliosis. The overall incidence rate of delayed infections was 0.49% in this study, suggesting that de- The definition of a delayed infection after spinal fusion is controversial and has been described as greater than 1 month, 13 2 months, 17,26 3 months, 1,7 6 months, 9 and 1 year 3 after the initial procedure. Some published studies on delayed infections in spinal instrumentation have described "delayed infections" as occurring as early as 10 days after the index procedure, although most authors usually describe delayed infections after 9 months from posterior spinal fusion and instrumentation. 3, 8, 24, 28 For the purposes of this study, we defined late infections as those that occurred more than 6 months after the index procedure, after an asymptomatic period.
It is well established in spine surgery that prolonged operative time predisposes patients to postoperative spinal wound infections. 21, 29 The results of the present study demonstrate that patients with longer surgical time were more likely to suffer from delayed infections in the postoperative period (OR = 1.021, 95% CI 1.010-1.033). A possible explanation may be that contamination of the sterile field occurs during the extended preoperative setup time. Possible contamination sources include direct contact with the sterile field, airborne contamination from traffic, 19 or loss of sterile technique. Dalstrom et al. conducted a study in a simulated operating room environment and found a significant correlation between the length of time that the sterile tray is exposed to the air and the contamination rate of the instruments. Covering the tray with a sterile towel after it is opened reduces this contamination risk. 4 The other strength of the present study is that we included a large cohort of patients with scoliosis surgeries.
Opinions concerning the correlation between allogenic blood transfusion and infections are not unanimous. Ho et al. reviewed 36 patients with delayed infections in adolescent idiopathic scoliosis who underwent posterior spinal fusion and found that the incidence of delayed infections was directly related to the blood transfusion. 10 Christodoulou et al. found that high allogenic blood transfusion rates were significantly associated with increased acute infection in adult spinal surgery.
2 However, according to the findings of Master et al. and Linam et al., transfusion requirement 17 and volume of blood products transfused 15 were not found to be significant risk factors. Consistent with the studies of Ho et al. 10 and Christodoulou et al., 2 our study demonstrated that allogenic blood transfusion acted as an independent predictor of delayed infections. We hypothesize that immune status can be disturbed or even weakened by allogenic transfusion. Both the number and activity of polymorphonuclear leukocytes decrease, and furthermore, cellular immunity is suppressed after administration of allogenic blood.
5
Conventional closed-suction drainage is widely used in spine surgery. In theory, it prevents the formation of hematomas in the operative field, decreases the tension of closed incisions, contributes to avoiding delayed wound healing, and reduces the risk of infection.
11, 12 Ho et al. demonstrated that failure to use a drain after surgery was a significant independent risk factor for delayed infections. Patients who did not receive a drain were 3 times more likely to develop an infection.
10 However, this modality can decrease wound tamponade, leading to an increase in blood loss and thus potentially increasing the need for transfusion. 22, 27 Some surgeons used subcutaneous closed-suction drainage as an alternative to avoid increased blood loss, although doing so diminishes the possibility of persistent hematomas or drainage through the incision, both of which create favorable bacterial culture media theoretically. Liang et al. reported that subcutaneous closed-suction drainage offers a reasonable alternative to closed-wound suction drainage in adolescent patients with idiopathic scoliosis undergoing posterior instrumented spinal fusion, without increasing the postoperative wound infection rate.
14 Consistent with the results in the study of Liang et al., our study demonstrated no statistically significant differences for delayed infections between the subcutaneous drainage group and conventional drainage group, suggesting subcutaneous drainage could be applied as a safe and effective method in scoliosis surgery to decrease the perioperative blood loss.
There are some important limitations to this study. These data represent the experience at a single institution that is an academic tertiary care center with trainees in the anesthesia, orthopedic, neurosurgical, and nursing departments. Another limitation of the study was that our data collection system only captured wound infection information on patients who returned to our hospital for treatment. Patients with localized superficial infections who were managed successfully as outpatients would not be included in this study. However, we consider these infections to be clinically significant because these patients required further hospitalization and/or additional surgeries to treat their infections. Moreover, the results are limited by a relatively small sample size and the broad time period covered. In addition, changes in anesthetic and surgical practices over time may have affected patient outcomes. Finally, we also acknowledge the limitations introduced by our patients' clinical heterogeneity.
Conclusions
The risks for delayed infections after spinal fusion and instrumentation in patients with scoliosis are multifactorial. We believe that seeding occurs at the time of surgery and is related to the surgeon as well as the surgical technique. We advocate the use of a cell salvage system coupled with other blood-saving techniques, such as antifibrinolytic drugs, fibrin sealant, controlled hypo- tension, autologous platelets, and others, to reduce the chance of perioperative allogenic blood transfusion. This information should be taken into account when surgeons are discussing the risks of postoperative wound complications for scoliosis surgery with the patient and the family.
